Metals

Oa the periadic table, all but one of the elemants to the laft of the :

Zigzag line are called metats. Hydrogen (H) is the Gily exception; it is el
coasidared a nonmetal. Metals have similar propecties. They are usually EREEE N e
hard, shiny, have high densities, and high melting points. Most metals ‘ o -
are solids at room temperature. Mercury (Hg) is a liquid at coom 5 |

temperature (25°C). Cesium (Cs), francium (Fr), and gallium (Ga) mett HHHHR

at temperatures slightly warmer than 25°C. There are no metallic gases.
Because solid metals are malleable, they can be hammered or bent into
shapes. They are also ductile and can be pulied or stretched into thin

wires. Metals are also generally good conductors of electricity and heat.

| As you have leamed, miost metals have one, two, or three-electrons in
their highest accupied energy leveis. Thasae valence electrons are held

“loosely. Metals tand to give up valence electrons to form ionic bonds |
with other elements. However, neutral metal atoms form a special kind
of bond among themselves, called a metaliic . In metals, the
loosety held valence electrons fomm a kind of cloud around the atoms.
The atoms share the electrons. This makes the metallic boad. fn

metals, the valence electrons are free to move abaut. When an electric
current or heat touches a metal, the electrons can move away from the
atoms they are nearest. The moving electrons pass, or conduct, the
electric cumrent or heat from one atom o the next. The loosely held
valence electron's allow atoms to slide past each other. That is why a
matal can be hammered or stretched without braaking. In a nonmetal,
valence electrons are moare tightly held by the atoms. Atoms in
nonmetals cannot slide past each other easily. Whan a solid nonmetal
is hammered or stretched, its atoms are pushed closec to each ather.
The atoms repel each other, and the nonmetal breaks.

Review Questions

-

Review the information you have been given about the metals. Then read the following questions and fill
in the blanks using the answars below. (Not all of the answers will be used.) Waite the answers on the
blanks in the right columa.

brittle liquid ; three helium - malieable

. hydrogen nonconductors metallic conductors ductile
o thi wires i 2 Pocnre
1. A substance that cgn be stretched into thin wires is calied &
2. Although most metals are not b at room temperature, the b. __LLQ.U.LQ_
element mercury (Hg) is. _ o ONpvcTORS
3. Metals are good ___€___ of heat and electricity. . M mu,(a

4. The special bond between atoms of metals is calied a _ Vd bond.

18 9 Addison-Wesfey Publishing Company, Inc. Al rights reserved.
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Nonmetals

The Eie!n'ents and the Pgm -

«dsle

_ Qate

The nonmetals are the group of elements to the right of the zigzag line
" on the periodic table, plus hydrogen. Nonmetals have fewer propertias
in common than metals. Their most common characteristic is that they
are nat metals. They are not malleable, ductile,-ar shiny, and thay are
nat good conductors of heat or electricity. In fact, they are used as

liquids, and some are gases.

Most nonmetals have five-to eight eléctrons in their highest occupied
enargy lavels. (Boron, carbon, and silicon are the exceptions.) As a
resuit, nonmetals hold their valence electrons tightly. Some nonmetats

form (covalant bonds by sharing @ 7 The atoms of A0St~

noamelals can accapt elecirons, become ions, and form ionic bands.

‘Nanmetals are good insutatars because they hold their valance
electrons so tightty.

The noble gases, 8A (18), are a special group of nonmatals. All but ane

of these gases have eight valance electrons. Helium (He) is the
exception with two elactroas in one energy level. This electron

arrangement makes these atoms very stable. The noble gases do not

th

e e ] o
=3

ot o o

@Iam. At room temperature, some nonmaetals are solids, some are

react vecy easily with othec elements or aven themselves. Thus, they
are considered “safe” gases. They are used in advertising signs (neon

and argon), balloons (helium), and even blimps (helium).

Review Questions

Reaview the information you have been given about nonmetals. Then read the following quastions and fill
in each blank at the right with the lettar of the comect answer. (You will need to use the paciodic table.)

1. Which of the following is a propecty of a nonmetal?

a) malleable b) nonconductor c) ductile d) shiny

2. Which of the following elements is a nonmetal?
"a) Na  --b) Br c) Mg d) U
3. A nable gas used in advectising signsis
a) Xe b) He _c) Kr d) Ne
4. A nonmetal with six valence electrons is
.a) 0 b) N o) F d) Cl
S. Most nonmetals have _ or more valence elactrons.
a) threo b) twp c) five d) four
6. Helium is.a noble gas with
a) three b) two c) eight d) six

7. Which of the following elements’is a nonmetal?
a) C b) Fe c)Na  d)Rb

© AddisonWaslav Prhlishinag Camaar X fna A6 datin EEETEL
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Alkali Metals Group - ' o

The alkali metals are members of Group 1A (1) of the pediodic table. r———y

They include fithium (L), sodium (Na), potassium (K), rubidium (Rb), 3
cesium (Cs), and francium (Fr). These elemants are very good Ll
conductars of neat and electricity. They are saft and can be cut aasily oo
with a knife. Group 1A (1) elements have fow melting points, ranging
from 180°C (iithium) to 28°C (cesium). They also have low densities, LA
ranging from 0.53 g/cm?® (fithium) to 1.90 g/cm® (cesium). Na '
The alkali metals are the most chemically reactive metats. They are so Fr
reactive that they are never.found free in nature. Pure samples of alkali 2
metals are stored in ofl so that they cannot react with axygen or water .. :W
in the air. Alkali metals usually form ionic compounds. Each alkaki metal K
atom has one electron in its highast anargy lavel. This-loasely heid vy
electron can easily combine with 4 nonmetal atom to form a pair of "
ions. These ions thea form an ionic compound. ;L &
e

The ions of the alkali metals can be identified by using the flame test: A Adeteam
small amount of an uanknown metal in an ionic compound is heated in a
flame. The color of the flame indicates which metal ion is present. For
example, sodium’s flame is bright yellow, and potassium's is pate’ pink.

Alkali metals are used to produce chemicals, metals, soap, glass,
ceramics, petroleum products, and textiles. Cesium and rubidium are

- used in photoelectric cells. Potassium—in the fomm of potassium
carbonate, or potash—is used as plant fedtilizer. Sodium, combined._with
chilorine to form sodium chlaride (table salt), makes the ocean salty.
Potassium and sodium ions are essential for life for mast organisms.

He'view Questions

Review the information you have been given about tha alkali matals. Thea cead the lollowing paragraph
and fill in the blanks, choosing from the words below. (Note: A word may be used more than once. Some
words are not used.) Write the letter of each answer on the appropriate blank in the columa to the right.

cesium heat one temperature

coloc ionic potassium three -

electricity - molecular sodium water
The alkali metals are very good conductors of % and __® . heat
They are extremely reagtive and are found in S compounds. b __EL EGC‘ITLL (& T‘/
Each atom in the alkali metals group has __ 9 ___ electron(s) inits c. (oM
highest energy level and combines easily with othec elemeants to form d. oNe.
ions. Alkali metals can be identified through the flame test, in which Coc DR

- .
_ each slement produces a flame of a different __® * {_and T o
g ¥ . ’ . / /
are necessary ions far fife for most organisms o Mg/(//'//

2N
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" 'Alkéline Earth Metals Group

The alkaline earth metals are membars of Group 2A (2) of the periodic

table. They include berytlium (Ba), magnesium (Mg), calcium (Ca), A Thean 4%
strontium (Se), barum (Ba), and radium (Ra). Their meiting points range o U ‘Be
from 1278°C (beryllium) to 650°C (magnesium). Thair boiling points | erpum
range from 2970°C (beryllium) to 1090°C (magnesium). Eal KL
: d 3 2

Like the akali metals, the alkaline earth Metals are very chemically 2.4
reactive. They, too, f free in nature. Alkaline earth metals | Mg :
usually form ionic compounds. Each atom has two valance electrons e

~ that combine with othec efements fo form ions. %2
Beryllium is perhaps best known as a part of the mineral baryl. Two Ca 5
precious gems contain beryllium: emerald and aquamarine, Beryllium Catcm
metal is particularty light and rigid. It is used in computers, gyroscopes, o
and nuclear reactors. Magnesium is used in aircraft, spacecraft, and in 38 2
high-intensity flashbuibs. Sr .E
Calcium is the filth most abundant element in the earth's crust. Some Stonun 2
forms of calcium—such as calcium oxide, or lime—have been known '
for many centuries. However, pure calcium metal was not discavered s &
until 1808. Calcium is an essential part of teeth and bones. Ba 1s
Calcium, stroatium, and basium have many chemical propecties in e 2
common. They have similar industrial uses. However, strontium is much : - 5
less common and costs more. One special use of strontium isin =~ 68
firewocks, where it buais with a billiant red color, - o Ra ::;%
Barium and radium compounds both have special medical uses. Barium by s

is used in the study of digestive disorders. Radiun, found in nature in
uranium ore, is radioactive and has been used in cancec therapy.

Review Questions

Review the information you have been givea about the alkaline earth metals. Then read the following
paragraph and fill in'the blanks a( the right, choosing from the words below. (Nota: A word may be used
.more than once. Some words are not used.)

barium calkcium magnesium strontium lowef

berytlium higher ane two uraniym ‘ l—ﬁq
Group 2A (2) elements have % melting points than Group 1A (1) o HEZR
elements. __ D has the lowest boiting point in this group, at 1090°C. b MAGNESIUNM
Alkaine earth metals have __C__ valence electrons. Emerald and e T 0
aquamarine contain the element __9 ® s the fifth most g BefNuILUM
abundant elempnt in the earth's crust. A flame test for __{ _ yields a o _CALLUM
brilliant red color. Radium is foundin __ 9. ore in nature, - ‘. ST‘&O_N’HUY‘"

g. UfANI00)

~ © Addison-Weslay Publishing Company, Inc. All rights reserved. '

126

o

S it

[RDr.

e A TR A




The Elemens and the Periggic Tatte

Transition Metals ' ! ' ik

The transition metals are in Groups 18 through 88 (or 3 through 12) on

the pariodic table. They include many common melals such as coppaer, E :
iron, nickel, zinc, chromium,-mercury, silver. and gold. Most transition = T
metals are hard and brittle, with hi i ts. They form many :

use ith one anather. Many have characteristic colors by : r
which e piire metats and theic alloys may b recognized, Mast have ME
either one or two electrans in their hig hostocapiod-mw:gﬂ'
foanmoromankin-ofionwithdiﬂemnttsofch rge.

The properties of the transition metais vary widely. But each element is

similar to its nearest neighboars on the periodic table. Most transition

metals have a grayish color (silver), but some are yellow (gold) o

reddish (copper). A few have low metlting points, such as mercury (Hg).

at —38.9°C. Many have high melting points, such as tungsten (W), at

3380°C. Osmium (Os) has a density of about 22.5 g/cm®, but titanium

(Ti) has a density of only 4.1 gicm?. Many transition-metals form cubic

crystals, but some fomm tetragonal or hexagonal crystals. 3

The many industrial uses of transition metals-range from medicines to
omaments, from aircraft parts to tharmometers. Three axamples to
consider are gold (Au), patiadium (Pd), and tantalum (Ta). Pure gold is
1sed in the electronics industry. Gold salts are used to treat arthritis.
Palladium, a less familiar metal, is used in dentistry. it is also used to
make watches and surgical instruments. Tantalum has uses that range
from nuclear reactoers and missile parts to camera lenses. Tantalum is
also used for surgical appliances. It has an unusual ability to resist

chemical attack. It will neither break down nor cause imitation within the

human 9_0‘1 7 Ertinis v iateree bbb

Review Questions

i
_mme Rt HRe : Class

L
[
11
i
Ll
A §

LLL)

Review the information you Iiavo bean given about the transition metals. Then read the following paragraph
and write the answaers in the proper blanks, choasing from the words below. (Note: A word may be used

mare than once. Some words are not used.)

colar low osmium tantalum tungsten octagonal

cubic maercury palladium titanium shape high
Many transition metals have characteristic __%__s by which puce a LLop.
forms and alloys may befecogmzed Some have,__® meiting b Lo
points, such as mercury. __© - is very dense, at-about 22.§ glem’. c S U1
Many transition metals forn __9__ crystals. __® s a transiton i Cugle
metal used in watch manufacture. __f s used to make camera .. Pall4p(un]
4nses. __ 9 is known to have an unusual abitty to resist chemical 4 ¢ TANTALOM]
At : g. _TANTALYM

-
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Lanthanide and Actinide Metals o ‘

i s

Aol

B e e i

The anmmw two series of chemically similar A : A
metals. They are usually shown as two separate rows at the bottom of :3 ROt e,
the periadic table. All of the elements in the top row, beginning with _ ;

lanthanum {La) and ending with lutetium (Lu), are lanthanides. The T
actinides begin with actinium (Ac) and end with lawrencium (Lr). ta ;
general, they have high melting points and bolling points. m

As you know, the order of the periadic table reflects the arrangement of

electrons in energy levels in atoms. Each elemeat differs from the one
beforebyhavingonemomelec(ron.Asyouhwvoalongmopododi'c, &
table, electrons genecally fill higher enargy levels. The arrangement of s
the electrons in the highest occupied energy lavel gives each efement o
its chemical properties. The lanthanides are similar to one anather ; .A
chemically because their highest occupied anergy levels have the same

arrangament of electrons. They are unusual in that they have a lower

energy level holding the extra. electrons that make them different from

ona another.

. Jhe fanthanides u be called “rare earths,” but we now know they

are not rare. They are used in afloys: Many have magnetic propecties.
The strongest permanent magnets are made of an afloy of cobalt with
the lanthanide samarium (Sm). Europium (Eu), one of the most
expansive lanthanides, is used in television tubes. o

v f el 24
e

o o B
e

b

The actinides are also similar to one another chemically. Both actinides
and lanthanides tend to form ions with a 3+ charge. All actinides are
radioactive. Some decay so quickly that they must be made
synthetically just to be studied. The bast knawn actinide is the metal
uranium.- The main uses of uranium and other actinides are in nuclear :
reactors and weapons. ' = : e

Review Questions - e

Review the information you have been given about the lanthanide and -actinide metals. Thea choose the
answer that best completes each of the following sentences. Write the letter of each answer on the appro-

piiate blank in the column (o the night, ; :
. Sampguny (§m)

1. The strongest pemumom magnets are made of cobaltand ______

2. The used to be called “rare earths.” 3. ACTOa10E ;
a) lanthanides ¢} actinides . o R ;
b) metals "d) transition metals v « _ACTINIDE S

J. The best known is uranium,
a) actinide €) transition metal
b) tanthanide d) alkali matal

4. Tha main use of is in nuclear applications. :
a) lanthanum ¢) lanthanides : : : .
b) europium d) actinides . : x

 © Addison-Wesiey Publishing Company, Inc. All right'- resecved.
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‘Halogen Group e ‘ i
" : When we think of salt, we usually think of table salt, or sodium chlaride SR,
: - {NaCl). Sodium chlaride is mada of a metal, sadium (Na), and a ; L9y
-halogea, chladae (CY). Table salt is actually just one of many salts. F
2 Whenever a metal is combined with 2 membar ~grou ’:}' f:o::
K iem 7A (17). a sait is formed, [The word halogen actually means s =
ormer.” The halogen group includes fluadine (F), chidrine (CY), bromine ; 7 2 '
(B), iodine (1), and astatine (Al). Group 7A (17) elements afl have ct ’
seven electroas in their highe'st occupied enargy level. ‘3::;;
: In nature, the halogens occur only in combination with other elements. a8 2l
g Bure halogeas are very poisonous. The halogens form ionic bonds with : 8 18
: “metals. They form covalent.bonds with ane anather and with nonmetals. €2
As gases, the halogens exist as diatomic malecules. Halogen malting s
points range from ~219°C (fiuarine) to 302°C (astatine). Boiling points
range from - 188°C (fluorine) to 337°C (astatine). Group 7A (17) 3 ,;l
densities are greater than the density of air. They range from 1.6 gL l
(fluorine) to 11.2 gL (iodine). : beoydi
f Of all the elements, flucrine is the mast reactive. It is commonly found as 2
in the minaral fluorite (CaF,). Compounds containing fiuorine are callad At &
fluorides. You may recall that stannous fiuoride-(SnF.) prevents tooth - Tl N
decay. The most abundant halogen is chlorine. It is almost as reactive L
as fiuorine. Chilorine is used in bleaches and disinfectants. Bromine is a -
. reddish-brown fliquid. It is the only nonmetallic element that is liquid at
v room temperature. lodine has man ties that metals have. Iis
: essential for health. Lack of iodine causes thyroid gland

disordars. Astatine, one of the earth’s rarast aelaments, is radioactive.
Like polonium, it is usually made synthetically. The tatal amount of
astatine in the earth’s crust is thought to ba fess than 30 grams.

Review Questions

: Review the information yod:havc.bm given about the halogen group. Then choose the a_nswor_mat best
completes each of the lollowing sentences. Write the latter of each answer on the appropriate bta_nk in the

column to the rgtit.
' . Cilopuse

1. The most abundant halogen is

a) fluarine b} bromine c) chlorne d) iodine 3 ELUO g1 ey o
2. Of all elements, the most ceactiveis . : 1 _SALT
a) fluorine b} Tne ) ne ) o _RROMUE

3 A halogen and a metal combine to foam a(n)
a) covalent compound b) ion c) salt d) gas

4. The only nonmetallic elemant that is liquid at room temperature is

s. LORING

a) fluodne - b) bromine  c) chlatine d) iodine

. 5. Lackof causes thyroid disorders. - o
i a) fiarine b) bromine c) chlodine ) iodine

© addison-Wesley Publishing Company. lnc. Al rights resecved.
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Noble Gases

The noble gases ara members of Group BA (18) on the peiodic table.
They include helium (He), neon (Ns), argon {Ar), kryptoa (Kr),
xenoa (Xe), and radon (Rn). The noble gases are very unreactive. They

are all found free in nature. They do not usually combine with other

elements or with one anathec, but a few compounds can be formed.

Noble gases are monatomic gases. The melting and boiling poiats of
the Group 8A (18) elements increase with increasing atomic mass. The
melting points range from —272°C (helium) to — 71°C (radon). Boiling
points range from —268°C (helium) to —61°C (radon). Nobie gas
densities range from 0.1 g/L (helium) to 9.7 g/l (radon).

is the second most abundant element in the universe. Only _
hydrogen fs more abundant. The energy of the stars and of the
hydrogen bomb comes from the fusion of hydrogen into helium. Lighter
than air and safer than hydrogen, helium is also used ta fill bafloons.
Hetlium is used as a refrigerant commercially and in nuclear reactors.

Neon is an even better refrigerant.

"Neon, argon, and xenon were disoovérad/by cooling air into a fiquid and
then separating the liquid into individual elements. Neon's largest use is
as a gas for advertising signs. Most of the noble gases are used in i

‘advertising signs. Each gas produces a different intense color. Most
foble gases are also used in lasers.

@ wavelength of the fight produced by krypton has been used to
define the intemational standard of the meter. Krypton is used in
electron tubes. stroboscopic fights, and bacteria-killing lamps, Radon,

the-most dense of all gasas. is given off when radium decomposes.
Radioactive radon is used in cancer treatment.

Review Questions

: -2.
He

4003

10 &
Ne
20 g
18

Ar

Argan
39 948

Lt ) 8

Review the ia(o:.maﬁm you have been given about the noble gases. Then read the following paragraph
and fill in the blanks, choosing from the words below. (Note: A word may be used more than once. Same

words are not used.) Write your answers on the blanks in the columa to the faght.

argon hydrogen neon triatomic
dialomic ' krypton radon unreactive
helium moaatomic reactive xenon

 In general, the noble gases are chemicatty __ % __ In nature, they are
. molecules, rather than __ € molecules like the halogens.
d is the second mast abundant element in the universe. The

anergy of the stars comes from the fusionof % __into _ ! The

wavelength of the fight of ___9 has been used to define the

intemational standard of the meter. ___ M- has the highest deasity of
all gases. : :
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